Recently, whole body-electromyostimulation (WB-EMS) has upgraded its functions and capabilities and has overcome limitations and inconveniences from past systems. Although the efficacy and safety of EMS have been examined in some studies, specific guidelines for applying WB-EMS are lacking. To determine the efficacy and safety of applying it in healthy men to improve cardiopulmonary and psychophysiological variables when applying WB-EMS. Sixty-four participants were randomly grouped into control group (without electrical stimuli) or WB-EMS group after a 6-week baseline period. The control group (n= 33; female. 15; male, 18) wore the WB-EMS suit as much as the WB-EMS group (n= 31; female, 15; male, 16). There were no abnormal changes in the cardiopulmonary variables (heart rate, systolic blood pressure [SBP], diastolic blood pressure, and oxygen uptake) during or after the graded exercise test (GXT) in both groups. There was a significant decrease in SBP and an increase of oxygen uptake from stages 3 to 5 of the GXT in the WB-EMS group. The psychophysiological factors for a WB-EMS group, which consisted of soreness, anxiety, fatigability, and sleeplessness were significantly decreased after the experiment. The application of WB-EMS in healthy young men did not negatively affect the cardiopulmonary and psychophysiological factors. Rather, the application of WB-EMS improved SBP and oxygen uptake in submaximal and maximal stages of GXT. This study also confirmed that 6 weeks of WB-EMS training can improve psychophysiological factors.
INTRODUCTION
Electromyostimulation (EMS) has been used for physical therapy practice as a method to rehabilitate muscles after an injury or surgery. In the 1960s, EMS was often used to prevent the atrophy that occurs when skeletal muscle is denervated. With advances in EMS technology, its use became increasingly popular for treating patients who sustained central nervous system impairment secondary to brain injury. Since the 1980s, researchers have developed units with an improved ability to modulate a variety of electrical wave forms resulting in an electrical current that can be effectively used to stimulate innervated muscles (Porcari et al., 2002) . It has been commonly used to strengthen the extremities of patients who have had orthopedic surgery. The use of EMS can also prevent people from injuries, especially for those inclined to injuries in the lower back, knees, shoulders, and muscles. EMS is very gentle on the joints and reduces the risk of injury due to the absence of weights (Kemmler et al., 2010) .
During EMS, impulses are transmitted through electrodes on the skin close to dermis tissue for stimulation. These impulses cause involuntary contractions of the muscles and thereby recruit fast-twitch fibers (Lexell et al., 1988) . The major difference between the mechanisms of involuntary muscle contraction and voluntary muscle contraction induced by EMS is in muscle fiber mobilization. In order to mobilize muscle fiber, there must be a level of stimulation that can be activated. In the case of spontaneous muscle contraction, a small motor unit with low threshold is activated first. In the case of muscle contraction due to EMS, the mo-tor unit under the control of the larger nerve is activated, and muscle fibers with high threshold are easily mobilized (Enoka, 2002) , resulting in positive effects on muscle strength (Gondin et al., 2005) . Gregory and Bickel (2005) also suggested that voluntary contraction may result in selective motor unit mobilization from slow-to fast-muscle fibers, but nonselective contraction occurs when both fibers are mobilized simultaneously during involuntary contraction through EMS. Variables that affect the physiological changes of the nerves and muscles in EMS application include frequency, intensity or current amplitude, pulse characteristics, current/rest cycle, pulse ramping, electrode type, material, size, and placement (Cameron, 2012) .
Many studies applied EMS locally with single electrodes to defined muscle groups (Porcari et al., 2002) . With further technical developments, EMS progressed from a local stimulation to a whole body-EMS (WB-EMS) method where several muscle groups were targeted simultaneously through an electrode belt and vest system (i.e., Miracle Suit, Seoul, Korea). More recently, Miracle Suit has upgraded its functions and capabilities and has overcome limitations and inconveniences from past systems. For example, the cumbersome process of spraying water or wearing wet clothes to allow electrical currents to pass through the body has been replaced by inserting a silicone conductive pad into the garment. In addition, wires connecting the electrodes to the EMS machine have been replaced with wireless sensors via Bluetooth technology to enable a wider range of activity that can be adjusted within 40 m. This advanced WB-EMS system allows for more comfort, ease of use, and faster results in rehabilitating patients with musculoskeletal diseases as well as improving body composition and muscle function in normal people as shown in previous studies (Kemmler and von Stengel, 2013; Kemmler et al., 2010; Kemmler et al., 2016a; von Stengel et al., 2015) .
As is often the case, the equipment that is used in clinical practice is not without its drawbacks, as reported by Malnick et al. (2016) regarding the potential risks of WB-EMS. In general, WB-EMS undeniably features factors known to be associated with resistance exercise-induced muscle damage and pronounced muscle soreness, which can lead to exertional rhabdomyolysis (Finsterer and Stöllberger, 2015; Kästner et al., 2015; Koch et al., 2014) . However, to avoid WB-EMS-related side effects, guidelines for efficacy and safety were established, which included the control of electrical strength, consideration of subject health, and the training of instructors (Kemmler et al., 2016b) . Recently, researchers have used the recommended WB-EMS protocol (20 min, bipolar, 85 Hz, 350 μsec, rectangular, 6 sec of current, 4 sec of rest) for healthy men (Filipovic et al., 2011; Kemmler and von Stengel, 2013; Kemmler et al., 2010; Kemmler et al., 2016b; Lam and Qin, 2008) . It was reported that using the WB-EMS protocols in their studies can prevent rhabdomyolysis and corresponding renal, hepatic, and cardiac problems.
However, although the efficacy and safety of WB-EMS have been examined in some studies, specific guidelines for investigating the changes in cardiopulmonary function are lacking. In particular, there are no reports on the effects of WB-EMS on psychophysiological factors. Therefore, this study investigated the changes in cardiopulmonary and psychophysiological factors when applying the recommended range of WB-EMS which was shown to be safe and effective.
MATERIALS AND METHODS

Subjects
The subjects were aged between 20 and 25 from Hanseo University located in Seosan, South Korea. Prior to the study, the participants received detailed explanations regarding all the procedures of this study and were then asked to complete questionnaires. Inclusion criteria included having no abnormalities in medical tests from January to December 2017 and confirming a good medical history without any injuries or chest pain during the past year. All of the subjects who took part in this study were healthy collegiate students who did not exercise regularly for a duration of 6 months. Additionally, the subjects were also included if they had not taken any treatment for weight loss or any medication known to affect body composition, had not undergone any major surgery during the 1 year prior to the start of the study, and did not have any internal metallic materials such as a pacemaker. Exclusion criteria included any history of coronary arterial disease or cerebrovascular disease, impairment of a major organ system, severe lung disease, severe cerebral trauma, uncontrolled hypertension, cancer, and psychiatric diseases such as eating disorders. Participants with musculoskeletal dysfunction or pain were also excluded from this study.
Of the 71 participants who completed the survey, 3 subjects were disqualified. One of them took part in an exercise program over 1 year, one of them refused to participate, and the other had personal reasons. The remaining 68 participants were randomly allocated to each group. As shown in Fig. 1 , the control group consisted of 15 female and 18 male subjects for this study after one participant was disqualified due to a failure of receiving assessments and discontinuing the study. The WB-EMS group con-sisted of 15 female and 16 male subjects after three participants were disqualified due to a failure of receiving assessments. The mean (standard deviation, SD) age of the subjects was 21.91 (1.20) years and they were divided into two groups: control group (n=33) and WB-EMS group (n=31). Participants were assigned to these groups using random number tables and assigned identification numbers upon recruitment. No participant, investigator, or other staff members interacting with the participants were aware of the group assignments for the duration of the trial. Although the participants of the control group wore the WB-EMS suit as much as the experiment group, they did not receive any electrical stimuli. The program lasted 6 weeks, similar to the duration of previous studies (Filipovic et al., 2011; Gondin et al., 2011; Hortobágyi and Maffiuletti, 2011; Kemmler and von Stengel, 2013; Kemmler et al., 2010; Kemmler et al., 2016b; Lam and Qin, 2008) . Complete subject characteristics are presented in Table 1 .
Experimental design
This double-blind, randomized, controlled trial was conducted in a research center at Hanseo University from July to September, 2017. The first assessment was conducted in Seoul at Song-Do Hospital in the beginning of July, 2017 and the second assessment was conducted in the same hospital in late September. The study was approved by the Institutional Review Board at Hanseo University and Sahm Yook University (2-1040781-AB-N-01-2017083HR). All subjects were recruited through advertisements and a written informed consent was obtained before enrollment. First, all of the subjects arrived at the research center to sign an informed consent form and to complete a self-report questionnaire about their health status included in the physical examination. After this procedure, each subject participated in the experiment conducted by an expert. The measurement and experimental rooms had the same characteristics with respect to temperature (25˚C-26˚C) and humidity (50%-60%). 
Measurement methods
Graded exercise test
The graded exercise test (GXT) is a diagnostic test used to rule out coronary artery disease and/or abnormal rhythms and to evaluate exercise capacity in the hospital. The cardiovascular functions before and after the application of WB-EMS were analyzed by an EKG tester (Q-4500) including a treadmill (Q65-90), an automatic sphygmomanometer (M-412), and a GAS tester (QMC4200). The Bruce protocol was applied in consideration of the healthy young women and men. In the Bruce protocol, the starting point (stage 1) was 1.7 mph at a 10% grade (5 metabolic equivalents [METs]). Stage 2 was 2.5 mph at a 12% grade (7 METs), stage 3 was 3.4 mph at a 14% grade (9 METs), stage 4 was 4.2 mph at a 16% grade (11 METs), and subsequent stages followed similar increases in speed and grade. This protocol included 3-min periods to achieve a steady state before workload was increased. All subjects were instructed to continue to walk or jog until reaching an all-out level which is their maximal ratings perceived exertion (RPE). During and after walking or running on the treadmill for as long as possible, the subjects were instructed to describe their symptoms as follows: chest pain, shortness of breath, dizziness, and leg pain. During the test, subjects were asked to express their level of exercise intensity on the RPE scale. The test was terminated if the following symptoms occurred: (a) drop in systolic blood pressure (SBP) of more than 10 mmHg from baseline, despite an increase in workload, when accompanied by other evidence of ischemia, (b) moderate-to-severe angina, (c) increase in nervous system symptoms (e.g., ataxia, dizziness, near-syncope), (d) signs of poor perfusion (cyanosis), (e) technical difficulties in monitoring electrocardiographic tracings or SBP, (f) subject's desire to stop, (g) sustained ventricular tachycardia, and (h) ST elevation (>1 mm) in leads without diagnostic Q waves (other than V1 or aVR) (American College of Sports Medicine, 2013). The variables of this study were limited to heart rate (HR), SBP, diastolic blood pressure (DBP), and oxygen uptake (VO2) calculated by body weight every minute at each test stage.
Psychophysiological factors
An important emphasis was placed on how the subjects reacted to the WB-EMS trial in terms of psychophysiological factors (soreness, anxiety, fatigue, and sleeplessness). A visual analogue scale (VAS) was used to measure psychophysiological factors. All of the subjects in the experimental group were asked to rate how they felt as they received WB-EMS training using a bipolar rating scale, which is a bar-shaped box with a height of 5 cm and a length of 10 cm. The scale ranged from no soreness (close to "0") to severe soreness (close to "10"). After the subjects marked within the box, a transparent paper with score indicators was placed on top of the boxes to obtain a numerical score. The scale for measuring the levels of anxiety, fatigue, and sleeplessness were similar to the soreness scale. The subjects were evaluated by a professional psychologist at the beginning and end of the study. The reliability of the questionnaire was measured by calculating Cronbach α, representing internal consistency. The Cronbach α of soreness, anxiety, fatigue, and sleeplessness scales were from 0.69 to 0.81.
WB-EMS administration
Participants were given WB-EMS suits made by Miracle (Seoul, Korea) according to their size. Their garments were composed of a silicone conductive pad and wireless materials. The electrical strength of the suit was controlled by an i-pad or cellular phone via Bluetooth. WB-EMS equipment used in this study enabled the simultaneous activation of 8 muscle groups (both upper legs, both upper arms, buttocks, abdomen, chest, lower back, upper back, and latissimus dorsi) with selectable intensities for each region (Fig. 2) .
Based on available literature, the stimulation-frequency was selected at 85 Hz, the impulse-width at 350 μsec, the impulse-rise as rectangular application, and variable electrostimulation intensity relative to the maximal peak voltage (160 V). Impulse duration was 6 sec with a 4-sec break between impulses (Filipovic et al., 2011; Kemmler and von Stengel, 2013; Kemmler et al., 2010; Kemmler et al., 2016a; Lam and Qin, 2008) . For each group, a qualified instructor conducted 20-min WB-EMS sessions 3 times a week on two nonconsecutive days to allow a rest interval of 48 hr between each session. In order to generate the effects of a diverse range of motions, ten types of isometric movements composed of Crunches, Bridges, Leg raises, Side planks on right and left sides, Superman back, Front planks, Lunges on right and left sides, and Squats were performed during the impulse phase as per the instructor's direction as shown in Fig. 2 . This study estimated one maximal toleration (1-MT) to the stimulus current on maximum peak voltage, similar to calculating the maximal voluntary contraction (MVC) or one maximal repetition (1-RM). Recently, Gondin et al. (2011) reported that the maximal toleration, expressed in this study as the corresponding incomplete muscle activation, can explain the inability to produce electrically-evoked force equal to 100% MVC. 1-MT was determined by progressively administering electrical intensity until the subjects expressed their maximum tolerance (Bily et al., 2008) .
American College of Sports Medicine (2013) describes exercise intensity based on the concept of 1-RM in the recommendation for resistance exercise in which 50% of 1-RM is considered light intensity, 60% moderate intensity, and 80% vigorous intensity. In this experiment, 1-MT was measured and the exercise intensity was set by using the 1-RM concept. In an orientation session before initiating the electrical stimulation exercise, each participant of the WB-EMS group stood still while wearing WB-EMS suits. Starting from 10% of 1-MT, the intensity was gradually increased according to the response of the participant, and the electric stimulation was stopped at the request of the participant when reaching an unbearable level, at which point the intensity was set to 1-MT. The participants were assigned to 0% of 1-MT in control group and 80% of 1-MT (125.21±7.82 V) in WB-EMS group, respectively.
Statistical analyses
The sample sizes in this study were not adequate since a statistical power greater than 90% was achieved for the standardized differences between time greater than 5% at a probability of type-I error <0.05. All data are reported as mean (SD). The Kolmogorov-Smirnov test was used to determine the normality of distribution for the examined variables. In order to examine the differences of the GXT variables between control group and WB-EMS group, nonparametric tests (two-independent samples testsMann-Whitney U-test) were completed. Meanwhile, in order to examine the differences of psychophysiological factors between times of WB-EMS group, nonparametric tests (two-related samples tests -Wilcoxon signed-ranks test) were performed. The significance level for all analyses was set a priori at P<0.05. The IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was used to analyze the statistics for this study.
RESULTS
Effect of WB-EMS on HR during GXT
Around 34.37% of the subjects (control group, n=8; WB-EMS group, n=14) were performed until the stage 5 of GXT in this study. The data from HR for both groups in GXT were analyzed for differences after the experiment. As shown in Table 2 , the HRs of control group and WB-EMS group were changed normally according to their GXT stages. There were significant differences of HRs between resting and stage 1 for both groups only at the early stage of the GXT, but there were no significant differences in subsequent test stages and the recovery stage. These results revealed that the application of WB-EMS did not negatively affect HR.
Effect of WB-EMS on blood pressures during GXT
The data from SBP for both groups in GXT were analyzed for differences after the experiment. As shown in Table 3 , the SBPs of control group and WB-EMS group changed normally according to their GXT stages. There were significant differences of SBPs from stages 3 to 5 for both groups, but there were no significant differences in subsequent test stages and the recovery stage. These results revealed that the application of WB-EMS did not negatively affect SBP. These results were similar in DBP as shown in Table 4 .
Effect of WB-EMS on VO2 during GXT
The VO2 data for both groups in GXT were analyzed for differences after the experiment. As shown in Table 5 , the VO2 levels of control group and WB-EMS group changed normally according to their GXT stages. There were significant differences in the VO2 levels from stages 3 to 5 for both groups, but there were no significant differences in the subsequent test stages and the recovery stage. These results revealed that the application of WB-EMS did not negatively affect VO2.
Effect of WB-EMS on psychophysiological factors during GXT
The data from psychophysiological factors for the WB-EMS group were analyzed for differences between pre-and postvalues after the experiment. As shown in Fig. 3 , although the soreness level before the experiment was 7.70±1.15, the level after the experiment was significantly decreased by 4. 16±1.20 (Z=-6.726, P=0.001) . The anxiety level before the experiment was 6.50±1.10, 
DISCUSSION
The major findings of this study revealed that the application of WB-EMS intensity confirmed from previous studies did not negatively affect HR, systolic or DBP, and VO2 in healthy young men during and after graded exercise test. Moreover, the psychophysiological factors which included soreness, anxiety, fatigue, and sleeplessness, were significantly decreased after the experiment. The WB-EMS intervention which was composed of 85 Hz (frequency), 350 µsec (impulse-width), mean (SD) voltages (125.21±7.82 V) of 80% of 1-MT, and 6 vs. 4 sec (impulse vs. break duration) applied in this study was combined with isometric strengthening exercises. The WB-EMS training as a direct rectangular application was conducted 20 min a day, 3 times a week. Ten types of isometric exercises were performed with 12 repetitions during the impulse phase as per the instructor's directions.
The purpose of this study was to investigate whether there would be positive or negative change in cardiopulmonary and psychophysiological functions when applying the recommended specifications of WB-EMS, which were shown to be safe and effective. Although some side-effects from WB-EMS has been suggested in some studies, it has been limited to rhabdomyolysis. In that regard, Kemmler et al. (2016a) reported that WB-EMS featured many factors known to be associated with muscle damage. A recent WB-EMS study applying an initial application to exhaustion to healthy novices confirmed the reported exceptionally high creatine-kinase concentrations. In other words, studies investigating the changes in cardiopulmonary or psychophysiological factors after applying WB-EMS are lacking.
In the past, researchers have used EMS with low-frequency and was primarily performed locally, passively, therapeutically, or for athletic applications (Porcari et al., 2002) . The low-frequency electrical stimulation we use refers to frequencies from 1 to 1,000 Hz, which can penetrate the human skin and subcutaneous fat. Midfrequency electrical stimulation refers to a frequency of 1,000 to 100,000 Hz, which can penetrate the body's muscles, but can also be used to relax the muscles that are bundled, or for intracoronary blood circulation. Of these electrical frequencies, there are many advantages of using low-frequencies. For example, stimulation of acupuncture points by low-frequency stimulation can have a large effect (Enoka, 2002) . Even when emitting low microcurrents to the body, it plays a role in bioelectronics that can recover injured muscle fibers, promote maximal strength gains, and reduce cellulite, which is present in overweight people (Ahmad and Hasbullah, 2015) . Specifically, according to a research study (Banerjee et al., 2005) , the peak VO2 increased by an average of 0.24±0.16 L/min and walking distance increased by 36.6±19.7 m after 6 weeks. It confirmed that EMS can be used in sedentary adults (range, 25-72 years) to improve physical fitness and may provide a viable alternative to more conventional forms of exercise. There were no reported side-effects from EMS muscle training, however increases of 10% were observed in peak VO2 and treadmill test durations after EMS combined exercise training. In terms of safety, the results of this study showed that WB-EMS did not cause any side effects. In other words, the HR, SBP, and DBP of the WB-EMS group in every GXT were not significantly different compared to the control group. The responses from each stage of GXT in the WB-EMS group also changed normally. Meanwhile, similar to the study results of Banerjee et al. (2005) , the results of this study showed that the VO2 levels of the WB-EMS group were significantly higher than those of the control group from stages 3 to 5 of the GXT. These results show that the application of WB-EMS positively affected the submaximal or maximal VO2.
The EMS during exercise training was generally well tolerated by subjects with a good level of compliance (Shankar et al., 1990) . Similar to physical adaptation to WB-EMS, this study showed significant decline in the psychophysiological factors including soreness, anxiety, fatigue, and sleeplessness after the experiment. Shankar et al. (1990) revealed that the difference between subjects' self-reported adherence and objectively assessed evidence of adherence might vary by up to 50%. Banerjee et al. (2005) also reported that although EMS with exercise is associated with and will be limited by perceived exertion on behalf of the individual undertaking the exercise, no voluntary effort is required to participate in this form of exercise. The work is created by means of EMS-induced muscle contractions. It is reasonable to expect that the improvements seen here in sedentary untrained adults could also be achieved in populations unable to engage in voluntary exercise. Similarly, Harvey et al. (1992) suggested that the physiological benefits gained from functional EMS training led to significant psychological benefits as well. Anderson et al. (2006) reported that thirty-seven sedentary healthy women participated in baseline testing on a range of anthropometric measures, body composition, and self-perception measures. Subsequently, participants were randomly assigned an 8-week program of one of three groups: walking group, walking+EMS group, or control group. When comparing the results with the control group after the experiment, both walking groups had a significant reduction in the number of anthropometric measures and improvements in self-perception measures. The improvements on both anthropometric measures and self-perception were greater for the walking+EMS group, which indicates that changes in self-perception may be affected by physiological changes. These results are similar to previous research studies suggesting that exercise enhances self-perception (Aşçi, 2003; Taylor and Fox, 2005) . Ultimately, this study suggests that a whole-body suit equipped with an electrical muscle stimulation device may improve cardiopulmonary factors and psychophysiological indications. However, this form of exercise is not likely to be suitable for all individuals since many find EMS difficult to tolerate. Although most subjects of the WB-EMS group tolerated it quite well and there were no participants who dropped out from the experiment, five subjects in the WB-EMS group expressed tightness and discomfort in the chest area. Therefore, it is preferable to cut off the electrical stimuli to the chest area or to refrain from adding the chest area to the WB-EMS suit when it is developed later. Further research is required to confirm the most effective methods of using WB-EMS suits, to identify the populations in which it is most beneficial, and to ensure a greater degree of medical safety. In spite of these areas, this study was the first to investigate the safety of WB-EMS through applying GXT and analyzing the effects of WB-EMS on psychophysiological variables.
